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N itric oxide (·NO) is known to be one of cell mediators and is involved in performing various functions. Some of its biological properties provide protective function (e.g. vasodilatation during heart ischemia), others may affect cell (e.g. peroxynitrite -mediated lipid peroxidation) [1] . In mammalians ·NO is produced during enzymecontrolled reaction from L-arginine (L-ARG), however as it was shown in recent deca de that is not the only way. The other one is earlier, and it involves the reduction of nitrate (NO 3 -) to nitrite (NO 2 -) and further reduction to nitric oxi de ( • NO) [2] . The reduction pathway is the primary way of getting
• NO by bacteria and plants. Some structures of mammalian organisms were identified as possible agents capable of reducing NO 2 to NO (myoglobin, hemoglobin, cytochrome) under speci fic conditions, which include hypoxia and acidosis. The nature of mammalian nitrate reductases still remains unknown [2] . However, it has been shown that dieta ry nitrates increase the levels of nitrite in the blood thus indicating the presence of some types of reductases [3] . Furthermore, the NO-synthetic pathway of L-ARG metabolism also is not the only the way. The alternative pathway includes activation of arginases (EC 3.5.3.1.). This pathway competes with NO-syntases (EC 1.14.13.39) for L-ARG. But it remains mostly inactive in physiological conditions. This situation changes drastically during pathogenic states [4] . It should be mentioned that the products formed from arginase-controlled L-ARG hydrolysis are L-ornithine and urea, L-ornithine is needed for synthesis of putrescine. It has been reported that arginase activation takes place during hypoxia and is associated with acidosis, but maximum activity is shown by agrinase under much more higher pH levels (pH = 9-10). Taking into consideration that urea is one of the arginase reaction products one may suggest the pH is slowly increa sing during arginase overexpression. As it was mentioned above, peroxynitrite (ONOO -) is a dangerous metabo lite of • NO. It is formed during the reaction of ·NO with superoxide anion-radical (
). This metabolite is responsible for increasing oxidative stress damaging cells as well as being one of the factors that can initia te the programmed cell death [5, 6] . The organs of gastrointestinal tract are the first which respond to this intoxication. Salivary glands can reduce nitrate to nitrite and then to nitric oxide lessening the dama ge, which might be cased by some medicines [7] . Fluoride can damage the stomach mucosa and reduce its motor activity [8] . Fluoride can also activate inducib le forms of NOS (iNOS). There are regions in Ukraine where concentration of fluorides exceeds hygienic norms. Poltava region can serve as a bright example of such regions. Inorganic and organic nitrates are used as fertilizers in agriculture. Thus the combined exposure to these two compounds through digestive system is possible. Nevertheless, there are little data on combined effects produced by these toxins on NO-cycle and on stomach mucosa.
The aim of this research was to find out influen ce of combined excessive sodium nitrate and fluoride intake on the functioning of NO-cycle in rat's stomach mucosa, by measuring activity of two of its core components: general NOS activity and nitratenitrite reduction activity.
materials and methods
The experiment involved 52 mature female and male rats with mean body weight 180-220 g. All animal experiments were performed in accordance with the rules of the European Convention for the Protection of Vertebrate Animals used for Experimental and Other Scientific Purposes (Strasbourg, 1986). Excessive fluoride intake was modeled by administration of water solution of sodium fluoride intragastrically in a dose of 10 mg/kg via special probe once a day before feeding for 30 days [9] . Nitrates were administered as water solution of sodium nitrate in the same mode in a dose of 500 mg/kg of body weight [10] . Combined intoxication was modeled by combining 10 mg/kg of sodium fluoride and 500 mg/ kg of sodium nitrate in one dose. The dosage was chosen depending on animals' body weight. Maximal volume of infusion was no more than 1 ml per day to avoid stomach overstretching. The animals were euthanized in 30 days by thiopental overdosage (45 mg/kg). The internal organs were taken for biochemical analysis.
The stomach mucosa was removed from other layers with the scalpel and was rinsed with 0.9% sodium chloride solution. Then it was homogenized with 0.1 M Trisbuffer (pH 7.4) in cold to obtain 10% tissue homogenate.
Total activity of NO-synthases (NOS) was evalua ted by increase in NO 2 -concentration after incubation of homogenated tissue samples for 30 min in the incubation solution (2.5 ml 0.1 M Trisbuffer, 0.3 ml 320 mM LARG water solution and 0.1 ml 1 mM NADPH solution). The 10% homogena te (0.2 ml) was taken for the analysis. Immediately after mixing homogenate with the incubation solution, we took 0.2 ml of it to evaluate the initial nitrite concentration. 1% sulfanilic acid in 30% acetic acid and 0.1% 1-naphtylamine in the same solvent were chosen as nitrite specific reactants. Then we added 1.8 ml of distilled water to 0.2 ml of solution taken for initial nitrite assessment. Following this we added 0.2 ml of 1% sulfanilamide acid and 10 min later 0.2 ml of 0.1% 1-naphtylamine were added as well. The amount of nitrites was measured by spectrophotome ter Ulab-101 (540 nm in cuvette with optical path length of 5 mm). Concentration was calculated as C = 0.30104·Absorbtion (μmol/g) [11, 12] .
Following incubation (30 min) the reaction was stopped by adding 0.02 ml of 0.02% sodium azide. Then 0.2 ml was taken to assess final nitrite concentration. Total NOS activity was calculated as NOS = (A 2 -A 1 )·2057/N (μmol/g·min), where A 2 means absorbance of solution taken for final nit rite measurement, A 1 stands for absorbance of solution taken for initial nitrite measurement, N is the concentration of protein calculated by Biurette method g/l.
Total activity of arginases was assessed by using the following technique. First, 0.1 ml of homogenate was taken to estimate initial level of L-ornithine. Then we used the modified Chinard's reactive [13] . The 0.2 M phosphate buffer (0.5 ml, pH 7.0) and 0.1 ml of 2.5% ninhydrin on acidic mixture (2 : 3 60% orthophosphoric and ice acetic acids and 6 : 4 with water) and 1.0 ml of glacial acetic acid was added to 0.1 ml of homogenate. The solution was boiled for 40 min to achieve maximal color yield. Then 1 ml of 20% trichloracetic acid was added to precipitate proteins and after centrifugation (1000 g) for 30 min the absorbance of 1 ml of supernatant was measured (A 1 ) (10 mm cuvette against water for 515 nm wavelength).
The activation of agrinase-dependent L-ARG metabolism can be designed under the following conditions: 20 h incubation in 0.5 ml of 0.2 M phosphate buffer (pH 7.0) and adding 0.2 ml of 24 mM solution of L-ARG at 37 °C. Then we carried out the procedure of L-ornithine assessment as described above (A 2 ). Arginase activity was calculated by formula:
To assess the nitrate-nitrite reductase activity the concentration of nitrite and the same reagent used for assessing NOS activity was chosen. However, to measure the nitrate concentration, a resto-ration agent is needed. For this purpose we have chosen 0.55% water solution of hydrasin sulfate. NADH in a dose of 1 mg/ml solution was used as electron donor for nitrate-nitrite reductases as well. The method required 4 aliquots 0.1 ml each. First, to avoid the absence of either nitrate anions or nitrite anions in homogena te, 1 ml of 10 mM sodium nitrate and 1 ml of 10 mM sodium nitrite were to be added to 0.1 ml 10% tissue homogenate. To precipitate proteins 0.1 ml of 6% zinc sulfate solution was used. Then we had to evaluate the nitrite concentration in the solution by adding 0.1 ml of 1% sulfanilamide acid and 1 ml of distilled water, and 10 min later we added 0.1 ml of 0.1% 1-naphtylamine with 1 ml of distilled water. Then 10-min centrifugation (1000 g) followed. The next step was to determine the absorbtion of 1 ml supernatant in 10 mm cuvette against water for 540 nm wavelength (A 1 ). To estimate total nitrate and nitrite concentration prior incubation we added 0.1 ml of 6% zinc sulfate solution, then 0.1 ml 0.55% hydrasine sulfate solution was added and incubated for 10 min at 40 °C. Then we carried out the procedure of nitrite concentration assessment as described above (A 2 ).
The remaining two aliquots were incubated in 1 ml of 0.2 M phosphate buffer (pH 7.0) in the presen ce of 0.1 ml 1 mg/ml NADH in sealed tubes. Aliquot 3 (A 3 ) was subjected to the same procedure as described for aliquot 2, and aliquot 4 (A 4 ) was subje cted to the same procedure as described for aliquot 1. A 1 represents the nitrite concentration prior the incubation, A 2 represents the total nitrate concentration reduced by hydrosine, and nitrite concentration prior the incubation. A 3 stands for remaining total amount of nitrates reduced by hydrosine and nitrites and A 4 shows the remaining nitrites only. Thus, the activities of nitrate-reductases can be summarized by formula: We should point out on that nitrite reductase activity formula takes account of nitrite anions produced by nitrate reductase. All the activities are presented as μmol/g•min.
Peroxynitrite concentration was measured by using its reaction with potassium iodide under pH 7.0 in 0.2 M phosphate buffer with the same pH [14] . For this purpose we took 0.1 ml of homogenate, which then was solved in 3.9 ml of 0.2 M phosphate buffer (pH 7.0). Then 1 ml of 5% potassium iodide was added. Test tubes with the mixture were shaken vigorously for 2 min. The following centrifugation (1000 g) lasted 10 min. Then we assessed the absorbance of 1 ml of upper layer against the control (1 ml of solution containing 1 ml of 5% potassium iodide and 4 ml of 0.2 M phosphate buffer, pH 7.0) in 10 mm cuvette at 355 nm wavelength. The peroxynitrite concentration was calculated by the formula: C = A•20; μmol/g (here g means the organ mass in grams).
The data obtained were statistically processed by ANOVA and the following post-hoc GamesHowell test if the data had normal distribution. In case of different distribution, the data processing was carried out by KruskalWallis and posthoc Scheffe tests. The difference was statistically significant if P < 0.05. Data were represented as mean ± standard error of mean.
results and discussion
The analysis of findings obtained shows (Table) that excessive fluoride intake elevates the total NOS activity by 120.7%. This can be explained by the activation of inducible NOS. Fluoride intoxication produces no effect on nitratereductase activity, but nitrite reductase activity has increased by 85.6% that can be explained by tissue hypoxia following fluoride intoxication [15] . Under such conditions • NO is oxidated by oxygen present in the tissues to nitrite (NO 2 ) providing substrate induction for nitritereductases. Being competitors for L-ARG with NOS, arginases lose their substrate and reduce their activity by 40%.
Nitrate intoxication provides an increase in nitrate-reductases activity by 76.3%, nitrite induction increases as well but by 85%. Nitrate reduction can obviously provide more substrate for nitritereductases than they can reduce to nitric oxide for 1 min thus resulting in the increase of nitrite concentration in the tissues. This increased nitrite concentration may produce adverse effect upon the body due to high instability of newly formed nitrite. It can easi ly initiate nitrosilation reactions thus increasing the damage to tissue proteins. Activity of NOS is reduced by 35% as the most amount of nitric oxide is generated by reductive pathway that leaves more substrate to arginases, and their activity increases
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* Significantly different from control group with P < 0.05; ** significantly different from fluoride intoxication group with P < 0.05; # significantly different from nitrate intoxication group with P < 0.05
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Control, n = 10 by 82.1%. NOS activity is obviously reduced (by 71%) compared to fluoride intoxication, this can be explained by inhibition of NOS by excessive • NO formation in nitrate-nitrite reductive pathway. There is an increase in nitrate-reductase activity by 73%, compared to fluoride intoxication, but there is no significant differen ce in nitritereductases activity. Arginases activity is increased by 204%.
Combined intoxication has shown both nitrite and nitrate reduction systems increase, but the amount of the substrate they convert is nearly identical. This can indicate that combined action of fluoride and nitrate produces optimal conditions for nitrate-nitrite reduction process. Ironically, NOS activity also increases (by 18.9%). As constitutional NOSs are regulated by
• NO concentration, we can conclude this increase results from inducible form of NOS. The iNOS increases its activity considerably during inflammatory processes. As a stomach is one of the organs especially exposed to the action of these two toxic substances, we can suggest that fluoride induces damage to gastric mucosa by stimulating tissue macrophages. They in turn produce excessive amount of nitric oxide via iNOS activation. Arginase activity enhanced by 61.4% contributes to NO-cycle dysregulation. We should point out that the activity of arginases was measured in this study in conditions of substrate presence (24 mM L-ARG solution). The question is whether such conditions are present in mucosa remains unknown. Anyway, this situation will result in elevated L-ARG consumption.
To evaluate potential danger due to increased • NO production it is necessary to consider the peroxy nitrite amount formed in the tissue. Fluoride intoxication increases peroxynitrite amount by 180.7%, while nitrate intoxication reduces it by 45.5%. Increased ·NO generation might be expected to lead to increased peroxynitrite concentration but there is evidence that nitric oxide can regulate the generation of reactive oxygen species in mitochondria (superoxide in particular) [16] . The combined intoxication by fluoride and nitrate shows that nitrates attenuate excessive peroxynitrite formation to some extent, when compared to fluoride intoxication group, but the concentration is still increased (by 68.2%) compared to control group.
Thus, combined fluoride and nitrate intoxication provides good conditions for functioning of nitrate-nitrite reduction pathway, allowing this pathway to take charge in
• NO generation, leaving L-ARG for arginase pathway.
The issue whether excessive arginase activation leads to the formation of putrescine and spermidine, which in turn enhance stomach mucosa regeneration is little known and therefore seems to be promising. В статье рассматривается функциониро-вание цикла оксида азота (
Функціонування
• NO) в условиях хро-нического избыточного комбинированного по-ступления фторидов и нитратов на протяжении 30 дней. Установлено, что общая NOсинтазная активность (NOS) в группе избыточного посту-плення фторида натрия увеличивалась, в тоже время нитратредуктазная активность статисти-чески значимо не изменялась, но общая нитрит редуктазная активность увеличивалась. Общая аргиназная активность снижалась. Избыточное поступление нитрата натрия снижало общую NOсинтазную активность, повышая при этом нитратредуктазную, нитритредуктазную и об-щую аргиназную активность. Избыточное соче-танное поступление нитрата и фторида натрия увеличивало общую NOсинтазную активность на 18,9%, нитратредуктазную активность на 71,7%, нитритредуктазную на 161,5% и общую аргиназную активность на 61,4%. Наибольшее количество пероксинитрита зафиксировано в группе избыточного поступления фторида нат рия, наименьшее -при избыточном поступле-нии нитрата натрия. Сочетанное избыточное поступление нитрата и фторида натрия пока-зало промежуточные результаты. Сделан вывод о том, что сочетанное избыточное поступление нитрата и фторида натрия создает оптимальные условия для функционирования нитратнитрит редуктаз.
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